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Wind-tmel  tests were made of 8 1/2wcale model of ihe 
Martin JRM-1 airplane to determine: 

(1) The longitudinal stability and control clzaracteristfcs 
. of the JRM-1 m d e l  near the water and lateral and directional 
- stability characteristics with power while moving on the eurface 

of the water,,the  latter being usef'ul f o r  the desi@ of t i p  float6 

.L (2) The stability and stalling c&,acteri8tic6 of the wing 
with a m o d i f l e d  airfoil contour 

(3) Stab'ility  characteristics of a hull'ahf larger design 
gross weight 

. . L. ~mie %&re*u~.ts indicated tht the plavator was powerful 

. .  

. .  
* .  

t ' .  :enough to trim t he  origfnal model i n  a; landing. configuration a t  
:. -,, any lift coefficient 'within the specified rt&e of 'centers df gravity, .. . . . .  . .  

The ground-board tests for evaluating the aerodynamic forces 
and moments on an 'a&- in.a s ~ b t e d  crcas wind indicate a 
high dihedral e f e c t  . i n  the presence ,of the ground board and, 
consequently, during lm+peed taxying and take-off, large over- 
turning maments would result which w o u l d  have to be overcome by 
the t i p  floats. ' 



Tests of the modified wiw indicated that changing the airfoil 
contour of the  outer w i n g  panel (fram an IBACA 230 series to an 
mAcA 44 series at the  tip) did not materially  change  the  longitudinal- 
stability  characterietics from that of the  original wing. The 
etalling  characteristics, hareveP,'were improved by the modifi- 
cation by giving a gradual stall over the w i n g  which resulted in 
a flat-top lif't curve. 

Langley tank model 180 hull in  combination with the modified 
Outer wing panels  gave approximately the same longitudinal etability - 
8s the original -1 hull with  the same wing and tail  canbination; 
however, elightly more effective  dihedral  and  directional s tabi l i ty  
were evident far the large hull. 

At  the  request of the Bureau ofAeronautics, Navy Department, 
wind-tunnel  testa were made to .  inveetigate  the  aerodynamic  charac- 
teriatics of a 1/2!5-scale powered m o d e l  of the  Martln JRM-1 airplane. 
ReauJts of a prelimZnary investigation of the or ig ina l  model have 
been presented in reference 1, while the results of iavostigationa 
of the model equipped with a 1/25-scale X.?32"U tail assembly and 
with various modifications of the  JFW-l'tail  assembly  have  been 
given In references 2 and'3, reepectively. 

*' The present paper includes the results of. an investigation of 
the original m d e l '  with a ground board in place a d  an inveetigation 
of the model with modified outer w i q ~  panela. 'The latter  investigation 
consists of a aerie8 of tests wJ..Zlh the JRM-1 hull.which was designed 
for 145,000 pounds and a second-:aeriee of tests with a. hui l  designed 
by  the Hydrodynamics Division of the Langley Laboratmy for a 
contemplated 165,00epound version of the JRM-1 (Langley tank 
model 180). 

.The ground4oard invest5gation included oonventional lamling 
' t e e t e  with  the model mounted above the ground bmrd with Just enough 
clearance to reach the angle of attack for stall and. t e s t e  with the 
model mounted i n  the ground board to efmulate water taxying  conditions. 
The latter tests  were designed to'proqide general infomnatLon 
neceesary for evaluating the- aerodynamic forces and maments  with a 
croes  wind  at low speeds d u r a  the take-df, and the righting . 
moments  required of tfp flaate during' lowepeed taxying. ' 

The inveetigation of the modified outer wing panel, which waB 
designed to improve the stalling characteristics of the wing, con- 
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sis ted of tuft studies ana force ' tes ts  to aetermine stalling 
characteristics. The effect of the w i n g  modification on the 
longitudinal and lateral s t ab i l i t y  of the model waa also deter- 
mined. 

Test8 with the m o d e l 1 8 0  h u l l  were R duplfcatian of the 
power-of'f part  of the longitudinal- and la teral-s tabi l i ty  tecta 
with the JRK-1 h u l l  mentioned above, and were made to   f ind   the  
effect  of the change in hull contour on the aerodynamic charac- 
t e r i s t i c s  of the model. No power-an tes te  were made w i t h  the 
model 180 hull. 

The results of the tests are presented a6 standard INCA 
coefficients of forces and rncanerlt8. Rolling-, yawingh and 
pitchingamnent  coefficients  are given about the centelr-of-pavity 
location shown i n  figure 1. The data are referred to.   the  etabil i tg 
axes,.which are a systun of axe8 having their origin a t  the center 
of gravity and i n  which the Z-axis is in   the plane of symmetry and 
perpendicular t o  %he r e k t i v e  wind, the X-ax5s is in the plane of 
symmetry and perpendicular to t h e  Z-axie, and the Y-axis is perpen" 
dicular to ' the plane 'of 8pmnetry. The positive  directione-of the 
s tab i l i t y  axes, of angular diftplacemsnte of the air-plane and control 
8urface8, and of hinge mcmnte are shown in figure 2. 

. .  
The coefficienta and sp%ol.e are defined as follows: ' 

. .  

CL l i f t  coefficient  (Lift/qS) 

CX longitudfnal-fwce  coefficfent (x/~s) 
c, hteral-force  coefficient (Y/& . .  
cz - rolling-mament coefficient (L/qSb) 

cnl pitching-nt coeff iclent (M/qSc * 1 

. .  

Gri yawlng-acment 4 coefficient (H/q%) 

ch , hinge-mament coefficient (J3/qbt$) 

T C  ' effective t k u s t  coefficient based on'wing area (Thruet/qS) 
nD/V propeller diameter-advance r a t i o  

Lift = -2 
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mamsnts about axm, pound-feet 

bt control-eurface epan along hinge line, feet 

V air velocity, feet per second 

D propellor diameter (0.667 f%) 

n propeller speed, revalutione per second 

and . .  

P maes deneity 02 air, slug8 per cubfc foot 

a angle of attack of hull base line, degreee 

# angle of roll, degreee 

' *  angle of yaw, degrees 

1 
? 



ft angle of stabilizer with respect to hull base line, degrees, 
positive when t r a i l i ng  edge is down 

8 control-surface deflection, degrees 

. . P  propeller blade angle a t  0.75 radius, degrees 

Pir wheel force, pounde 

"p neutral-point location,  percent wing mean aerodynamic chord 
(oenter-of-+gavity location for neutral stability in 
trfmmed flight) 

. Subscripts: , 

0 elevator 

I f lap 

t horizontal tail 

e denotes par t i a l  derivatives of a coefficient with respect to 

MODEL AMD &ARATUS 
1 .  

.. 
" 

' . .  

: &The Martin k l  airplane i s  8 four-englne p e r e d e l  and car$* 
transport fly- .boat of l~~ ,OO&po~d-des lgn gross weigh% having 

, a maximm. of 900 brake horeepmer p a i l a b l e  fdlr tab-off. Epeci- 

pemnissibh limits for the*cefiter-of-gravi%y t n i v d . ( f i g .  3) were 
' obtained from reference 4. The airpahe loading within these limits 

is not specified. _ .  

. f icatlons of this airplane: are, @pen,. in tables  I an&. U:. The 

, , .  . .  '. , . .  

A threeview drawing of the m o d e l  a8 orfginally received fram 
the G l e n n  L. Martin Company is presented in figure 1. A drawing of 

- *  .'the model-mounted above the ground board for the conventional landing 
' ' tests and a photograph of' the model set' in the gr&& l p i r d  for , . . - .  

, sim~lated. ollrthe-water teste greeeIited in figures 4 and 5> 
i . respectively. The ground board, which was specially cohstructed for  

' ' th is  i~ivbstigation, had a built-in turntable designed t o  rotate with 
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the model. A rectangular  section,-large enough t o  acccamnodate 
the hull ,  was cut  out of t h e  turntable   to  permit the ground 
board t o  be raised around the ~ o d s l  t o  simulate various drafts 
of the hull correapondiq to epecified  loadiq condlticmf-. Tho 
center of the turntable WBB located  directly below the normal 
center of gravity of the model and the two were rotated a6 a uni t -  
when the model was yawed through the desired rawe. The hul l  
contour at the water line (top surface of ground board) was 
approximated by attaching cardboard t o   t h e  turntable. (See fig. 5. ) 
The draft wee measured from the-point of the  etep up t o  the water 
l ine (top surface of .ground-board) .. 

For the investigation with the modified outer w i n g  panela, 
the originai wing  which had an  airfoil   section which varied from 
an HACA 23020 a t  the root to an NACA 23ol2 a t  the theoretical tip 
(48-inch station) was cut off a t  a point 21 inches from the  center 
l ine of the model (fig. 61, and the  outer panel replaced by one 
which varied from the NACA 23018.65 section,at the 21-inch station 
t o  an NAW 4413.35 section a t  the 43.61-inch station. The inter- 
mediate  sectione were determined by connecting  corresponding chord- 
wiae stations of the cut section (21-inch station) and the  45.61-Inch 
etation by straight  l ines.  The tips were macle t o  conform t o  the 
plan form of the original  t i p s .  The new outer panels were given 
geometric twist of 2.70 so that the w i n g  would have no aerodynamic 
twist. . .  

Langley tank m o d e l  180 designed by the Hydrodynamic Division 
of the Langley Laboratory  reprosente a hujL for a large long-range 
transport seaplane having a design gross weight of 1&j,OOO pounds. 
A comparison of the JR"1 hull  and model 180 showing their  relat ive 
disposition about t h e  n o m 1  center bf gravity is given in figure 7. 
Model 3.80 shawls close adherence t o   t h e  famn of a streamline body 
.and at the time was desiwed t o  incorporats-the ,&atest improvements 

" in, hydrodynamic characterietics. .Although the over-al l  length ie 
greater,. 'the lsngth4eam ra t io  of. hull 180 ie 5.9 a6 campared .with 
6.68 for the JRM-1. Model- 180 has a 30° vee step instead of the 
transveree step. The t a i l  pylon of the model 180 is cons.iderably 
thinner thdn previously deeigned huJlE1 auch-8s  the, 3RM-1 and the 
aerodynainic efficiency of the  vertical  t a i l  ia thereby  increased. 
The detai ls  of the design of model 180 are given i n  reference 5 .  

Although the propellers on"the-airplargI are three bladed, the  
model we8 equipped with 8-inch-diametor. (approximate scale .diameter) 
four-blade propelhm coneioting of two idehtical two-bhde waoden 
propeller$ mounted i n  tandem and rotated. goo with  respect- t o  each 
other. (See f i g  , 5.1 The propell6rfl used in .the gmd-board 
Investigation had -blade angles of 30.2O and 32.5O at, 0.75 '&idius 
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and were  powered by a 20-horsepower electric motor. The propellers 
used in the modified w i n g ,  investigation had blade angles of l7.6O 
and 234' at 0.75 radius and were pawered by four individual , 

+horsepower motors; one motor being mounted in each nacelle. The 
speed of the motors was determined by an elkctric tachmeter whose 
error is wkthin a . 2  percent. 

Test Conditions 

The t e s t  conditions for the various m&el  configmatias are 
given i n  the following table: 

I Model configuration 

Landing t e s t a  
original m o d e l  

On-the-water t e s t s  
original model 

Modified w i n g  
JRM-1 hull 

Modified w i n g  
hul l  180 

1 

Test 

1.00 x IO6 6.20 x105 

R.M. R .N. 
Effective 

1.55 

1.00 ' 6.20 
37 2 - 3 3  
*25 . 

3.10 * 5 Q  
6.20 1.00 

3 .lo = 5 0  

6.20 . 1.00 

- 

I -. 

The teat  Reynolds number is baaed. 011' the win@; mean aerodynamic 
chord of 0 .a30 foot, The effective. Reynolds number (far maximum ' 

l i f t  coefficiei~ts),is based on the turbulence factor of 1.6 f o r  
this tunnel. 

The d a t a  obtained with the ground board in place were not 
corrected f o r  tares cam,& by the model support strut  because of 
the imprasticability of obtaining tares. Jet-boundary carrections 
were not abplied because they have besn e h a m , t o  be n8gUgibl8 for 
the ground-board teat installation. A l l  other data have been 
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corrected for tare6 caused by tihe m o d e l  suppmt stmatiand jetcr 
boundary corrections have been applied to the angles of 'attack, 
the longitudinal-force coefficients, and the tail-on pitching- 
mcment coefficient. The comectiona were computed as foLlows 
by t he  use of reference 6: 

Aa = 0.62% 

where AG I s  in degrees. A l l  jet-boundary correotions were. added 
to the t e s t  data. 

For the on-the-water grounddoard teat8 (model set in the 
ground board) where the model waa ro l l&  as wen a s  yawed and 
pitched, no corrections were applied t o  the d.&ta fo r  the increased 
angle of roll dye to deflection of the aupport strut under load... 
It ie believed that thie would not excoed l/3O for the  largest  
.roUing'mment e n c d t e r e d  in the tests. The gngle of r o l l  given 
in the data is the ahgle..at zero yaw. 

Test Procedme 
. .  

Propeller calibratims.were made 'by.measuking the longituditlal 
force of the model with f laps  r e t r a ~ t e i l ~ a n d  tail off at an angle 
of attack of -5 .3O (angle a t  which thrust l ine  i B  level)  f OT a 
range of' propeller epeede. T h r u s t  coefficients were determined 
frcon the re lat ion 

The resul ts  of the m o d e l  propeller cRlibri3tionfiY are presented in 
figure 8. 

The variation of thrust coefficient with lift coefficient for 
two power conditione, A and €5, is shown in figure 9. Power A Y 
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-4 and power B represent the ful l -scale  t.hnz@ .coqdition6 far an 
airplane w e i g h t  of 145,000 and 90,WO pounde, ,'respectively, a t  
a.take-off brake horsepower of 9000. The thrust  coefficiente 
of the airplane were reproduced  during pawer-on t e s t s  by ~isfng 
figures 8 and 9 t o  matoh the propeller speed and lift coefficient 
of the model. 

Static  longitudinal stability and control of the model near 
the ground were determined frcm the conventional land- t e s t s  
made throughout the angle-of-attack range at various stakilizer 
and elevatar  settings  with f k p a  deflected 400 and the propellers 
operating at zero  thrust. To determine the aerodynamic forces 
and mcanente asleociated with an €firplane fn a crcx18 wind on the 
water, yaw t e s t s  were made with the model pitched and rolled t o  
varioue at t i tudes which the a m l a n e  might assume while tawing 
or taking off. The tests were mace at  v a r i m  thrust coefficLent8 
to correspond to   cer ta in  desired velocit ies and thrust  on the 
full-scale airplanes. These thmzst co+icients,  corresponding 
to the  full-scale  conditiom, are  given in the following table: 

Ad each angle of attack for the p,oWs+on yaw t e s t s  the 
propeller speeds were held c,qmtant throughout the yaw range 
approximating a conetant power output. - 

Propellers of. -@;e pitch'were used in the model tests t o  
secure the high thrust  oonditioae  that were requeeted which 
neces6itated deviation from the airplane torque  conditions. , 

It is estimated that the  tqque  coefficiente develaped by the 
model propellers were about. 'twice the values for the airplane 
propellers. 

Stat ic   longftudinal-s tabi l iy  characteriatics of the model 
with the modified outer w i n g  paneb were determined fram pitch 
tests fo r  various power conditions and flap configurations. 
Lateral+tability derfvatives vere obtained fran pi tch  teats  at  
angles of yaw of 9 O  by ass~~ming linear characterietice over 
this mall yaw range. 
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The resul ts  of the teste  are presented in f i w e e  '10 t o  38 
which are grouped as indicated in the following outline: 

D a t a  Figure 

I. Graund-baard tests (original ;nodel) 
' A. Longitudinal s tabi l i ty  and control in  landing 

1. Stabilizer and elevator  data 10 to 11 
2, Neutral points, downwash, q ratios, anti 

elevator. trim poeitione 12 to 14 
B. Croes-wind characterietica during landing, 

taxying, and take-off- wneuvers 
1. unding,  negative draft (tt. = 130°, 

draf t  = -0.96 in . )  15 t o  .16 

draft = -0.96 in. ) 17 to 18 

draft = 1,€Q a.) 19 to 20 

' 2. Taxying and take-off B (9 = 930°, L. 

3 .  Taxying and take-offe ($ = O* to goo, 

11. Modified outer-wing panele (original hull )  
A .  Longitudinal s tabi l i ty  

1. S b b i l i z e r  effectiveness (various power 
conditions) 21 to 22 

2. meutral points, ' downwash,. q ra t ios  23 

1. T u f t  etudiee  (eketches a n i  photographa 
B . Stall ing  ~Plaracterist ics.  

showing effect of windnd.llin@; propellers 
and power' on a t a n  progreseion) 24 t o  27 

2. Force t e s t s  . .  28 t o  29 

1. Stabi l i ty  derivaeives 30 to 31 
2. Effect of t a i l  ($ = L30°) 32 

c .  Ut0rd. atability 

In. H u l l  model 180 with modified outer wing panels 
A .  LongitudZnal stabi l i ty  

1. Stabilizer effectivenese 

B . '.Lateral and directional staBili ty 
1. Stability  dorlvativee 
2. Effect of t a i l  (q = k30°) 

: 2. .Neutral points 

.. . .  
. .  

,. . 

33 to 34 
35. 
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Longitudinal  etability and control in landing.- The data of 
figures 10 and 11, respectzvely, have been ueed t o  make an 
evaluation of the longitudinal  stabil i ty and control  chamcter- 
istics of the JRM-1 a*plane in a landing configuration clear 
of the water (6f -= 40°, Tc' = 0 with the ground boaP.d in  glace 
simulating  the  presence of water). 

The stick-fixed neutral  point8 are presented i n  figure 12 and 
are compared with those obtained without the ground board (fig.  18, 
reference 1). The neutral points were calculated by the  graphical 
method given in referenoe 7. 

r 

The neutral pointe show greater stabilitg w i t h  the ground 
board in  place than  Hthout it aa w o u l d  be expected. T h i s  shift 
of neutral  point varfes From 2-percent mean aerodynamic chord 
at low l i f t  coefficients t o  T-percent at high lift coefficients. 
The downwa8h and dynamic-pressure ra t ioe  for the keet  condition 
are given i n  figure 13 along w i t h  data without  the ground board, 
taken frcan reference 1. A s  would be expected, the rat3 of change 
of downwash with angle of attack ds /da 1s leas with the ground 
board i n  place Ghan without the ground board, which elcplaine t o  a 
large degree the greater   s tabi l i ty  of the model with the ground 
board in place. 

The elevatw-control  characteristics are presented in 
figures 12 and 14. The elevator appears t o  be powerful enough 
t o  trim the model throu&ot$ .the range of lif$ caefficfente and 
specified range of centers .of gravi ty  shown In figure 12. Fig- 
ure 14 shows t he  estimated elevator deflection required for trim 
and the corresponding wheel forces f o r  the normal center of gravfty. 
The elevator wheel forces'were calculated aesuu1L73g zero tab 
'deflection, an elevator linkage factor of 0.433, and an elevator 
boost ratio of 0.825. 

Lateral   s tabi l i ty  during taxying, take-off, and Landfryl.- 
,Figures 15 and 16 show the charaoteristics 0f .W model In a 
landing or take"f at t i tude  c lear  of the water as is noted by 
the negative draft. F i v e 8  17 t o  20 shaw the ch rac t e r i e t i c s  
of the model during taxying and take-off B on the water a t  various 
a t t i t udes  o f  pitch,   roll ,  yawr and draf t .  .. 

t 
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The effective  dihedral of the model in  the presence of the 
ground board is confJiderably larger  than when tha model is not 
in the presence of the ground board. For example, without the 
ground board C = 0.0004 (f ig .  27, reference 1) whereas with 
the ground board i n  place (fig.  15) '2% = 0.0016 a t  f& = 0.92. 
The dihedral effect  became even greater  with the model rolled 
and the hull-set   within the ground board resulting in  large 
overturning maents which will have to be equalized br the floats. 
(See figs . 19 and 20. ) The ma*?,m values of these ro l l ing  or 
overturning molnents (C2 fi: 0.23) were obtalned with the  highest 
thrust coefficient between angles of p w  of 9 0  and 70°. (See 
fig. lg(a) . ) The maximum values. of the  rolling-nment coef- 
f ic ients  are probably s l fght ly  emtaller than would have been 
obtained had the aWplane torque  coefficient been simulated. An 
indication of the model torque coefficient is given by the value 
of Cz a t  $ = Oo (figs . 17 to 20) which is about half the torque 
of tkie propeller, the reminder being accounted f o r  by the 
nullifying  effect of w i n g  interference. 

F 

The pwine-mcrment-coefficient curve8 indicate  that the model 
generally poesesaee directional s t ab i l i t y . to  about 200 J T ~ W  anit 
restoring.mcanents to wo yaw. The decline of the yawing moments 
a t  anglee of yaw greater   tbn.200 is probably due t o  stall. over 
the vert ical  tail. The thrwt, however, introducee comiderablo 
variation in the nagnitucle of the y a w i n g  moanenta, especialu- a t  
the larger thrust.coefficients. . .. 

Original H u l l  with Modified Outsr W i n g  Panels 

I 

J 

Longitudinal stabil i ty.-  The neutral point8 (camputed Pram 
,the data.presented in  figs. 21 and 22) for the model w5th the 
modified outer w i n g  panela are crqppamd with those of the  original 
model .(reference 1) , in  figure 23. The capari.son indicates that 
the  longitudinal stability of the m d e l  with the modified outer 
wigg panela is.aZproximately  the same ae the  original mode1,for 
most power and. f l a p  conditians. Both mqdele ehm a considerable 
margin of instabi l i ty  for the r e m o s t  center of gravlty. 3'or 
one condition, power B, 5f = 00, the  original model shows a 
snaaller mrgin Of'8t&bilitp a t  high l i f t  coefficients than  the 
modified wing model, but. .the difference may be ..$&I resul t  of 
fairing of the curveg.,am% mall inaccuracies t.bt wourred in 

:. the original model data. - .. 
S t a l l i w  charaoterietice .- The stallkg characterletice of 

the model were  detemnined by photographs of the tufted w l n g .  v 



Sketches were reade fram tuft photographs for the propeller-off 
condition, and a ccanparison with the original wilys (reference I) 
ie sham in figures 24 and 25. The resul ts  of the s tan-   s tudies  
of the modified wing with  windmilling  propeUere are a lso  shown 
in  f i w e s  24 and 25. Photographs of the tufted m o d e l  vf th  the 
application of power; A are  given in fzgures 26 and 27. 

A ccmprieon of the tuft 8tUdie6 '(propellers off,  f laps up, 
I . .  , . 

f ig .  24) of the new wing with  those of the original wing show 
that the flow i g  eaeentially the eame up t o  an angle df attack 
of about llo. In both CBBBB, separation starts near the t ra i l i ng  
edge of the wing betweeqthe engine nacelles a t  an angle of attack 
of about bo and gradually spreads outward e.nd forward. Increasing 
the angle of' attack beyond llo c a u ~ e s  the t l p s  on the original 
wing t o   s t a l l  suddew, while, w i t h  the m o d i f i d  outer panele, the 
s t a l l  continues t o  epread gradually outward unt i l   the  outermost 
t i p s  f ina l ly  e t a U  at an angle of attack of about 170. With the 
f laps  deflected kOo ( f ig .  25Is the stall progression appear6 to 
be quite similar t o  the cam with mdeflected flap. The original 
w i n g  stalla ccanpletely at an angle of attack 'of about U0, while 
the  modif Led wing maintains l i f t  a t  the t ips,  even at  l3O. 

A capar i son  of the tuft etudiea with power ozi (figs. 26 and 27) 
with  those of figures 45 and 46 (reference I) share s ta l l ing  
characterist ics eWhr t o  those noted a b o ~ e  for the power-off 
condition.  Separation f e  delayed by the new outer panele, and 

, the stalling angle is  consequently increaa-ad with the t i p s  main- 
.. taining lift up to the highest angle of attack  tested which resul ts  

in  a flat"top l i f t  curve. This results i n  a hfgher maximum value 
of . CL (figs. 28 and 29) and probably an improvement in .aileron 
effectivenese. 

It is interesting t o  note how the  propeller rotation influences 
the s t a l l  behind t h e  nacelles. A t  a Large angle of attack 
(a = =.bo, fig. 27) the stall has progressed to a point on the 
t r a i l i ng  edge insfde of' t he  left  outbawd  nacelle  wbSle-.cm-the 
r ight  side of the w i n g  the stalled area along'the traiung edge 
has only reached the po-t where the new panel is a t t a c h d .  

. ... Lateral stabiUty.- The .effect of POW=, l i f t  coefficient, and 
. f laps on the lateral-stabil i t~ psrameters ie e h m  In ffgures 30 

and 31. 

With the m o d i f i e d  wing panel8 the m e e l  generally possesseB 
less positive dihedral  effect than the  Wiginal. m o d e l  (reference 1). 
However, one condition (power A, 6f = 00) indicates  the  opposite: 
more dihedral effect with the modified w i n g  than  with  the original 
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wing. The difference in  effective dihedral is a's much 8s ,2O with 
flaps up, and. .- . 5O ~. with flaps extended. . - .  . .  

t 
Hull Model 180 with Modifiea Outer W i q  Panele 

Lcfngitudfnal stab2uty.- A comparison of the neutral points 
of hull  180 with those of the lEU4-1 hull. ( f ig ,  35), indicates 
that the  longitudinal  etability 0% the hulls is approxim8tely the 
same throughout moat of the l i f t  range. The difference in neutral- 
point  position near maximum l i f t  is within the accuracy of the 
methad employed in determining the neutral  points. 

Lateral and directional.  atabilltg." The lateral-stabil i ty 
parameters for h u l l  180 and the JRM-l hull are canpared in figures 36 - 

and 37 for tho windmilling condition. Eull 180. shows 8llghtG 
more d i r s c t f m a l  atabi l i ty  and greater effective ,dihedral throughout, 
the'lift range than the JRM-1 model for both f l ap  configurations. 
The greater  directional  atabil i ty is probably the  result of model 
180 having a thinner t a i l  pylon which would fncrea~le the aerodynamic 
efficiency of the whole surface. 

The ta i l -on and tail-off characteristics of hull 180 a t  lai?ge 
angles of' yaw are shown in f i g w e  38 for the fupe-up  conffgurition. 

' CONCJ;USIL3NS 
, .  

Results of w3nd.-t&el teeta of the  I /25acale model of the 
Martin JRGl airplane with the ground board in place, with the 
modified outer wing panels, and with a hull  of different deei@;n 
(Langley tan& model 180) indicated the following conclusions: , 

1. With the ground b m d  place, B i m u l a t i n g  a land- 
atti tude,  the elevator of the original model appeared to be powerful 
enough t o  tr+u the model a t  any lift; coefficient within the specified 
range of center of gravity. 

2. The ground-koard t e s t s  for evaluatfng aerodynamic foroes 
and mcsnents on an airplane -involved in a cram w i n d  dur- taxylng 
at low speed during the  take-off showed that  the model.had hi@ . 
dihedral effect and possessed large overiiirming mamente which Woiald 
have t o  be cqrrected by the t i p  floate. . Con~~iderable.variations' i n  
the magnitude of the y a w i n g  marnent-a also  existed as a reault o? the 
high t h a t  coefficient. 

il 

t 

V 
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3. Changing the a i r fo i l  contour of the outer wing panel 
(f'ram an MACA 230 series to' an NACA 44 series at the tip). did 
not  materially change the longitudinal-stabilfty  characteristics. 
The stalling  characterietics were improved %y obtaining a gradual 
stall.ovbr *he wing  which resulted in g flat-top lift curve. 
For most power and f lap conditions tested, the modffied outer 
w i n g  panels generally gave lese dihedral effect  than.the original 
w i n g .  

4. Langley tank model 180 hul3. in cabination Kith the 
modified outer wing panele gave approximately the sage lmgitudinal 
stabi l i ty  as the JRMkl. hull, with the ~lame w i n g  and tail canbi- 
nation; hawever, slightly more effective dihedral and directional 
stability were evident for hull 180. 

Langley Maorial Aeronsuticaf. Laboratory 

Langley Field, V+. 
National Advieorg C d t t e e  for Aercmautica 

. .  . .  - .  ~ 

.' ' ' ' Bernakd J. Smith . ,. . Aeronautical Engineer 

T h a w  A.  k r i s  ' 

. .  
Chief of Stability Reeeirch Dlvisfon 
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Type . . . . . .  Personnel and cargo transport (flying boat)  

m i n e s  (four) : 

Man~f'acturer~s'bsignation . . . . . . . . . . .  R-3350-9 

Ratings: 

I . . . .  2000 bhp at 2400 r p  at 868 level 

la00 bhp a t  2400 r p u  at 13,m ft 

Take-off power . . . .  22% bhp at 2600 rpm at 508 l e v e l  

Normal pow= 

Propeller gear ratto . . . . . . . . . . . . . . .  16:rf 

Propeller: 

Type . . . . . . . . . . . . . . . . . . . .  Curtiss 1016 

Diameter, ft . . . . . . . . . . . . . . . . . . . .  16.5 

Blade design . . . . . . . . . . . . . . . .  lOl&Xbl.8 

Number of blade8 . . . . . . . . . . . . . . . . . . . .  3 

Activity factor . . . . . . . . . . . . . . . . . .  91.0 
Side-force factor . . . . . . . . . . . . . . . . .  76.5 



la 

. 

Area, sq ft 

Span, ft 

Aspect ratio 

Taper ratio 

Dihedral, deg 

Sweepback, l88ding 
&3e, deg 

R o o t  eection I 
Tip  section 

Angle of incidence at 
root, deg 

Angle of incidence a t  
t ip ,  deg 

Mean aerodynamic chord, ft- 

Root chord, ft 

Theoretical tip chord, ft 

c 

aDihedral meahred on upper surface. 
bDihedral measured on chord line. 

- 
Horizontal 

tall 

822.4 

61.67 

4.58 

0.643 

b8.0 

8.05 

mm 
0015-63 
IsAcB 

0ooB-63 

3 

. 3.0 

14.04 

16.72 

IO. 76 

rertical 
tail 
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(et) Concluded. 
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Figure 21.- The effeot of the stabiU.zer on the rterodynamia 
charaoterietios in pitah of the -L- scale model of the  25 

(a) %er A. 

E"lgure 21.- Concluded. 

(a) Power A. 

. .  : .  
Figure 22.- Conthmed. 

(6 1 WindmiJling. 
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FIGUIIE: ZEGETES .- Con0 luded 

Figure 38.- Effect of the tail on the aerodynamZc characteristios 
in yaw of the A- male model of a 10-0 flying boat; 

-1 tail and modified outer wing panel~l, $L;r31 model 180. 
p = 4.09 l b / q  ft, windmilling propellers, Q: = 2.5*, Sf = 0'. 

25 

Figure 38.- Concluded. 
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F i g u r e  2.- System of axes e n d  control-surface h i n g e  moments 
a n d  deflections. Fos i t ive  value8 o f  forceg,  moments, a n d  
angles are indicated by arr3wa.  Positive values a f  t a b  
n 1 r . g ~  Foncnts arrd deflections  are  in  the  same  directions 
3s Lite ~ o s l t l v e  v a l u e s  f o r  t n e  control s u r f a c e s  to which 
trre t s t s  are at tacned. 
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Figure 26.- Tuft studies of k - s c a l e  model of the Martin JRM-1 
airplane with modified outer wing paaels. Power A, af = 0'. 
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Figure 26.- Continued. 
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Figure 26.- Contfnued. 
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Figure 26.- Concluded. 
M m N A L  ADYISORY C O Y U T T t E  FOR ACROWAUTICS 

LANGLEY YLYORUL *EROIIIUTTIC*L UBORATORY - LWGLEY FIELD. V I  



NACA RNI No. L?H20 Fig. 27 



0 
I 0. 0 

0 e. 0. e 
0. e .  

I e... NACA RM No. L7H20 Fig. 27 cont. 
m .  *.. 



f f': NACA RM No. L7EI20 
-0  0 

0 

H g .  27 cont. 

c 

Mgure 27.- Continued. 



. 

. 

MACA RM No. LW20 Fig. 27 cont. 

Figure 27.- Continued. 
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